The present study was conducted for the quantitative determination of biologically active Amaryllidaceae alkaloids, galanthamine and lycorine, in the bulbs and aerial parts of a subspecies naturally growing in Turkey namely, Narcissus tazetta L. subsp. tazetta collected from Muğla/Turkey. A reverse phase high performance liquid chromatographic method using an isocratic system consisting of trifluoroacetic acid:water:acetonitrile (0.01:90:10) with a flow rate of 1 mL/min was carried out. Photodiode array detection was employed to determine the UV-visible spectral characteristics of the alkaloids. Determination of acetylcholinesterase and butyrylcholinesterase inhibitory activities of different parts of mentioned subspecies were accomplished using a microplate assay modified from Ellman's method. This is the first report of the galanthamine content of Narcissus tazetta subsp. tazetta of Turkish origin. 0.0051% and 0.0055% galanthamine was detected in the bulbs and aerial parts of the plant, respectively. Also, lycorine was determined as 0.0250% in the bulbs and 0.0672 % in the aerial parts.
INTRODUCTION
The genus Narcissus L. is a member of monocotyledonous family Amaryllidaceae, which is well known in horticulture for its ornamental plants and in medicine for the content of biologically active secondary metabolites called Amaryllidaceae alkaloids [1] . These compounds which have numerous bioactivities including analgesic, antiviral, antibacterial, antifungal, antimalarial, antitumor and cytotoxic activities have been increasingly important to the researchers [1] [2] [3] [4] .
The first attempts to investigate this family with regard to therapeutical potential of the alkaloids have started with the isolation of the first Amaryllidaceae alkaloid, lycorine, from the genus Lycoris [5] . Lycorine, the main representative alkaloid of Amaryllidaceae plants, have come to the forefront with biological activities more particularly with in vitro anticancer efficiency [6] . Research on the medicinal use of these plants gained acceleration in consequence of the discovery of galanthamine with practical application as a long active, selective, reversible anti-acetylcholinesterase inhibitor agent [7] . Galanthamine is currently available in the market, being prescribed to treat Alzheimer's disease [8] .
Depending on the increase in demand for galanthamine in medicine, extraction mostly from galanthamine-rich plants, namely Galanthus L. and Leucojum L. species, remained incapable [9] . Various quantitative analyses on different plant species have been performed in an attempt to find out alternative natural galanthamine sources [10] . Narcissus genus has advantages such as being commonly cultivated and hybridized and involving more than 100 varieties containing galanthamine [9] [10] .
Narcissus genus, is also important having an extensive coverage in exportation from Turkey [11] . Although the economic value of the plant arises from cut flowers, expert plant producers and extensive farming culture of Narcissus tazetta L. subsp. tazetta enable a possible bulb exportation in case of the confirmation of bioactive alkaloid-rich content in these plants.
In this concept, the aim of the present study is to determine galanthamine and lycorine content of the subsequently naturalized plant Narcissus tazetta L. subsp. tazetta collected from Muğla/Turkey and therefore to evaluate its economic and therapeutical value among the Turkish Amaryllidaceae plants. Additionally, for The results show that Narcissus tazetta L. subsp. tazetta bulbs contain 0.0050-0.0053% DW galanthamine and 0.0249-0.0251% DW lycorine. Also, the aerial parts of the plant contain 0.0050-0.0058% DW galanthamine and 0.0672-0.0677% DW lycorine.
Findings of recovery experiments obtained within the context of accuracy studies are given in Table 2 . All the samples were injected three times. "SD" refers to standard deviation and "RSD" to relative standard deviation. The precision of the method was validated by intra-day and inter-day measurements as given in Table  3 . The same concentrations of calibration standards and the same equations were used for repeatability tests. Determinations have been performed in triplicate for each concentration. Inter-day assays were carried out in two successive days by different analysts.
Another validation parameter, robustness test was performed by modifying temperature settings (See Table 4 .). Analyses at 20, 25 and 30 ˚C for each standard in five different concentrations resulted in consistent findings.
The in vitro bioactivity assay results indicated that the bulbs of the plant are effective inhibitors for AChE enzyme (see in Table 5 ). The aerial parts also showed noticeable inhibition on AChE. Both samples analyzed for their BuChE inhibition and showed similar potency. Considering the whole plant; we can conclude that total alkaloidal extracts have significant inhibition on the enzyme AChE. 
Discussion
Narcissus is a deeply investigated genus with regard to quantification of galanthamine, which has been the most interesting Amaryllidaceae alkaloid being a prescription drug for years [12] [13] [14] . For this purpose, various methods including HPLC, GC, 1 H NMR were used [14] [15] [16] [17] . Among those, HPLC is commonly known with its reliable, fast and sensitive results. Relevant research verified that accurate quantitative determination of galanthamine in Amaryllidaceae plants is possible by HPLC method (18) .
Some Narcissus cultivars including Narcissus ''Pipit'' (Jonquilla) and Narcissus pseudonarcissus cult. 'Carlton' have been reported as good sources of galanthamine [14, 18, 19] . Although naturalized Turkish plant Narcissus tazetta subsp. tazetta is commonly being produced in a huge area in the country by well-versed experts, there is a lack of knowledge for the content of subspecies collected from the western region [11] . Therefore, it is important to determine the alkaloidal content in the title Amaryllidaceae plant, which is economically valuable. There have been different quantitative analyses on Narcissus species reported in different countries. Galanthamine percentages for some Narcissus species were previously reported as 0.1117% fresh weight (FW) in Narcissus confusus Pugsley (Spain), 0.0095% FW in Narcissus nivalis Graells (Spain), 0.001% FW in Narcissus obesus Salisb. (Portugal) and 0.005% FW in Narcissus tazetta L. (Egypt) by isolation [18, 20] .
Based on the findings of more recent HPLC analyses, within the range of 0.03-0.33% dry weight (DW), galanthamine was reported in N. tazetta L. collected from different localities of Iran while the same species collected from Holland was reported as lacking this alkaloid [13, 18] . It is not surprising, to see a wide range of amounts among those samples of the same species knowing that different climate and soil features affect the secondary metabolite profile of plants [14, 21] .
Since an alteration of alkaloidal content depending on the locality had been previously reported in the literature, we decided to investigate the contents of lycorine and galanthamine and therefore evaluate the therapeutical potential of this subspecies as a source of biologically active Amaryllidaceae alkaloids.
Previous alkaloid quantifications on Narcissus species collected in the flowering period, resulted in higher content in bulbs when compared to the aerial parts [17] . On the contrary, our findings showed that the accumulation of these alkaloids was mostly in the aerial parts.
There has been an isolation study on Narcissus tazetta subsp. tazetta bulbs collected from Southern Turkey [22] . In the light of this information, it is possible to state 0.6% DW galanthamine in the mentioned subspecies calculated through isolation findings. Besides this, previous results of lycorine quantification by HPLC show that; the plant sample obtained from the Northwest region of Turkey (supplied by an export firm) contained lycorine as 0.089% DW [23] .
Taking into consideration the dynamic secondary metabolite profile in the plant based on the lifecycle, it is not surprising to determine higher alkaloid quantities in aerial parts of the plant collected in the last term of the flowering season. In furtherance of our results, Narcissus confusus Pugsley collected from Spain has been investigated in terms of galanthamine-type alkaloid content in different developmental stages and leaves were reported as alkaloid-rich part comparing to the bulbs in flowering senescence period [24] .
In summary, this plant contains a remarkable amount of lycorine and detectable levels of galanthamine in different parts.
Alkaloids, particularly galanthamine, have changeable existence on the occasion of fertilizations [25] . The amounts depend not only on the chemical composition of soil but also growth conditions [16] . Different kinds of cultivation methods [15] and tissue culture methods [26] [27] [28] [29] have already been successful to increase the galanthamine level of some other Narcissus species [30] . The title subspecies seems to be interesting for agricultural research, investigating further cultivation methods to enhance alkaloid amounts in the plant.
Total alkaloidal extracts of underground and aerial parts of plant were tested for bioactivity using galanthamine as a positive standard. The results revealed that the extracts of N.tazetta L. subsp. tazetta are significant AChE inhibitors. The variations in enzyme inhibitions, might be due to the differences in alkaloidal concentration in various parts of the plant. Also, different dispersion of alkaloids in organs influences the total bioactivity.
CONCLUSION
To the best of our knowledge, this is the first report on the quantification of galanthamine in Narcissus tazetta subsp. tazetta collected from Turkey. This report is important to evaluate this subspecies as a candidate to be used as a source of bioactive compounds with several cultivation modifications.
The method used in this study is verified by validation assays. Results proved that the extraction procedure was appropriate and the selected HPLC method was a fast and reliable technique for galanthamine and lycorine quantifications. Alkaloidal levels in the different parts of the plant are in compliance with the relevant above-mentioned literature data.
MATERIALS AND METHODS

Plant material
Narcissus tazetta L. subsp. tazetta was collected during the flowering period from Akçapınar/Muğla. A voucher specimen is deposited in the Herbarium of Ege University, Faculty of Pharmacy, Department of Pharmacognosy with the number of 1596. The plant material was identified by Prof. Dr. Mustafa Ali ÖNÜR (Ege University, Faculty of Pharmacy).
Chemicals and solvents
External standards were used in the form of salts: galanthamine hydrobromide and lycorine hydrochloride (Sigma Aldrich) as part of the quantification analysis method which is based on peak areas. Trifluoroacetic acid (TFA, Merck); HPLC grade acetonitrile (LabScan Analytical Sciences) and double-distilled water were used. Other chemicals and solvents used in the present study were analytically pure.
HPLC/PDA
HPLC instrumentation involves a chromatographic system (Thermo Scientific Accela HPLC Systems), including a quaternary pump, a degasser and an autosampler, coupled with a photodiode array detector (PDA, Thermo Scientific Accela PDA Detector). Chromatographic separation was carried out using a Hichrom 5 C18 analytical column (4.6 mm × 250 mm, 5 µm particle size) at 25 ˚C. The run was performed at a flow rate of 1 mL/min, using isocratic system with a mobile phase of trifluoroacetic acid:water: acetonitrile (0.01:90: 10) and was monitored at 290 nm by PDA detector. Data acquisition and processing were performed with Thermo Xcalibur Roadmap software.
Preparation of sample solutions
200 mg of air-dried and powdered plant material (aerial parts and bulbs) were macerated with 5 mL of 2 % HCl solution using an ultrasonic bath at 40 ˚C for 5 hours. After maceration; 1 mL of ammonia and 4 mL of deionized water was added to the extract. The alkaline extract was centrifugated at 5000 rpm for 10 min. The supernatant was transferred to a volumetric flask and adjusted to 10 mL with deionized water. 3 mL of the fluid was charged to a prepacked column containing diatomaceous earth (Extrelut®, Merck). Elution of the column commenced after 10 minutes which was performed using 5 mL portions of chloroform in three parts. The organic solvent was evaporated in vacuo and the residue was dissolved in 1 mL of 1 % TFA solution. The extract was filtered through a 0.45 µm filter and injected into the HPLC system.
Preparation of standart solutions
1 mg of salt form of each external standard was dissolved with 1 mL of 0.1 % TFA solution. Five different concentrations of these solutions were obtained by diluting with the same solvent. Dilutions were made within the range of 2.5-50 µg and 1-15 µg for lycorine and galanthamine, respectively. Concentrations on the calibration curve were calculated in terms of the base forms of the alkaloids.
Validation studies
In order to validate the assay; linearity, recovery studies as a part of accuracy, intra-day and inter-day repeatability studies, as a part of precision, robustness controls were carried out. For linearity studies, stock solutions containing 1 mg/mL of lycorine hydrochloride and 1 mg/mL of galanthamine hydrobromide were prepared using 0.1 % TFA separately. Dilutions were carried out using the same solution at concentrations; 2.5, 5, 10, 25, 50 µg/mL and 1, 2.5, 5, 7.5, 15 µg/mL for lycorine hydrochloride and galanthamine hydrobromide, respectively (Concentrations were calculated in terms of the base forms of the alkaloids as mentioned before.)
On the purpose of verifying the accuracy of this method, recovery experiments were conducted. The same procedure as described in Section 4.4. was applied with a modification including the spiking of lycorine and galanthamine in the acidic extract in amounts given in Table 2 .
Anticholinesterase activity assay
During bioactivity assays, the increase of absorbance based upon the concentration of compounds was measured at 405 nm using Molecular Devices Versamax Tunable microplate reader. The enzyme acetylcholinesterase and butyrylcholinesterase are derived from electric eel (Type VIs, Lyophilized powder) and Equus caballus, respectively. Acetylthiocholine iodide (ATCI), butyrylthiocholine iodide (BTCI) and Ellman's reagent (5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB)) were purchased from Sigma. All solvents and reagents take part in this study have the feature of analytical grade.
Different concentrations of total alkaloidal extracts (1000, 100 and 10 µg/mL) were prepared in MeOH. A modified assay originated from Ellman's colorimetric method (31) was performed as described previously (32) . Galanthamine was used as a positive standard. Results were given as percentage for extracts and were shown in Table 5 . The analysis was performed in triplicate for each sample.
